The prognosis of patients with chronic hepatitis C after interferon (IFN) therapy is still poorly defined. The present study evaluated the effect of IFN therapy on survival in a cohort of such patients. The study included 459 patients with biopsy-proven C-viral chronic liver disease who were followed for 8.2 ؎ 2.9 years (range, 7-183 months). 
H epatitis C virus (HCV) infection has been
shown to be closely associated with chronic hepatitis, leading to cirrhosis and hepatocellular carcinoma throughout the world. 1, 2 In Japan, more than 30,000 people die of liver neoplasms annually. Most of these deaths are associated with hepatocellular carcinoma (HCC), and around 80% are associated with HCV infection. 3 Additionally, about 10,000 people die of cirrhosis or chronic liver disease excluding alcoholic liver disease. Thus, HCV-related chronic liver disease is one of the major disorders affecting the national health of Japan.
Interferon (IFN) is effective in eliminating HCV and reducing the alanine aminotransferase (ALT) level in some patients with chronic hepatitis C, 4, 5 and improvement in liver histologic findings have also been noted in these patients. 6, 7 IFN monotherapy achieves sustained virologic response in 20% to 40% of chronic hepatitis C, with the response rate differing somewhat according to various factors such as viral load, viral genotype, stage of liver fibrosis, and the total dose of IFN. [8] [9] [10] Several recent studies showed that IFN treatment reduced the risk for development of HCC in comparison with untreated patients and especially in those who responded to the therapy. [11] [12] [13] However, it is still a matter of controversy whether the effect of IFN treatment on C-viral cirrhotic patients is beneficial or not. [14] [15] [16] [17] [18] Several studies concerning the prognosis of C-viral cirrhosis patients after IFN therapy have been reported, but their results were also controversial. [19] [20] [21] [22] Furthermore, there have been only a few reports concerning those with chronic hepatitis C. [23] [24] [25] In the current investigation, we conducted a retrospective cohort study to examine the effect of IFN therapy on the long-term prognosis of pa-tients with C-viral chronic liver disease in comparison with untreated patients.
Patients and Methods
Patients. Four hundred seventy-two consecutive patients with C-viral chronic liver disease who underwent liver biopsy at the First Department of Medicine, Chiba University Hospital, between January 1986 and December 1998, were enrolled in this study. Of these, 13 patients were excluded: Nine of them were referred to other hospitals within 6 months after liver biopsy and dropped out, and the other 4 were excluded because HCC was detected within 6 months after liver biopsy and the possibility of the presence of hepatocellular carcinoma at the time of liver biopsy could not be ruled out. The study group consisted of 280 men and 179 women with a mean age of 50.1 Ϯ 12.0 years. The absence of HCC was ascertained at enrollment by abdominal ultrasonography, computed tomography, or magnetic resonance imaging. Patients with chronic hepatitis B, autoimmune hepatitis, primary biliary cirrhosis, hemochromatosis, Wilson's disease, and alcoholic liver disease were excluded from this study.
Liver biopsy specimens were examined by 2 independent liver pathology specialists (F.I. and O.Y.), blinded to the clinical and virologic results according to the criteria of Desmet et al., 26 with the staging of fibrosis being defined as F0 (no fibrosis), F1 (mild fibrosis), F2 (moderate fibrosis), F3 (severe fibrosis), and F4 (cirrhosis).
Laboratory and Imaging Examination. All patients in this study were positive for HCV-Ab as determined by second-generation enzyme-linked immunosorbent assay. The serum HCV load of the patients was quantitatively determined at the time of liver biopsy using various commercial and in-house assays such as competitive reverse-transcription 27 and branched-DNA probe assay 28 prospectively or retrospectively. However, because it is difficult to correlate the results of different assays, we adopted HCV core protein assay 29 for the quantification of serum HCV load at the time of liver biopsy using stored sera of all the patients. The sera used for HCV core protein assay were stored at Ϫ20°C, and the duration of storage before assay was 6.1 Ϯ 2.4 and 5.9 Ϯ 2.7 years in treated and untreated patients, respectively. HCV RNA genotype was determined by serologic grouping of serum antibody, 30 assuming that genotypes 1a and 1b correspond to group 1 and genotypes 2a and 2b correspond to group 2.
Abdominal ultrasonography was performed every 3 to 6 months to detect HCC, and space-occupying lesions detected were further examined by computed tomography, magnetic resonance imaging, hepatic arteriography, and ultrasound-guided tumor biopsy if necessary. IFN Treatment. IFN was administered to 355 patients, and 104 patients did not receive IFN treatment. IFN therapy was initiated within 1 year after liver biopsy. Eighty-four percent of treated patients received IFN-␣, 12% IFN-␤, and 4% both. The median total dose and duration of IFN administration was 468 megaunits (72-2,030 megaunits) and 167 days (6-560 days). Once IFN therapy was started, a patient was included in the IFN treatment group even if therapy was discontinued because of adverse effects or other reasons. The 104 patients not receiving IFN chose this course on the basis of concerns about adverse effects (32%), not having health insurance coverage (27%), normal or nearly normal ALT (13%), lack of sufficient time to undergo therapy (10%), physician's decision based on the presence of depression (4%), cardiopulmonary disease (3%), other concerns (5%), and no known specific reason (6%).
Virologic criteria were used to define response to IFN therapy. A virologic sustained response was defined as HCV RNA negativity, determined by reverse transcription-polymerase chain reaction, more than 6 months after termination of IFN therapy. HCV RNA positivity at the same time point was considered a nonsustained response.
No patients in our series died during IFN therapy, and only 1 patient died within 6 months after its termination and was classified as nonresponder because of positive serum HCV RNA at the end of treatment.
Survival Status and Cause of Death. The follow-up period was defined as the duration between the date of liver biopsy and either the date of death or the latest date of confirmed survival. Survival status was confirmed by medical records or direct survey conducted by telephone. Three hundred fourteen of the patients visited our hospital periodically, and their survival status could be confirmed by medical records. The survival status of 95 of 145 patients who stopped visiting our hospital was confirmed by direct communication via telephone, but the remaining 50 patients were lost to follow-up and were included in the analysis as alive up to the last available point of contact. Hence, 409 patients (89%) in the cohort had their survival status confirmed at the last examination in February 2002. The cause of death was investigated from death certificates in 44 of 48 (92%) patients and that of the other 4 patients, whose cause of death was liver failure, subarachnoidal hemorrhage, rupture of abdominal arterial aneurysm, and traumatic brain damage, was obtained from telephone interviews with their families.
Cause of death was divided into liver related and unrelated. The former included HCC, cholangiocellular carcinoma, liver failure, and esophagogastrial variceal bleeding, and the latter included extrahepatic malignancy, heart diseases, cerebrovascular accidents, and others (Table 10 
; baseline platelet count (Ն13 ϫ 10 9 /L vs. Ͻ13 ϫ 10 9 /L); HCV load (HCV core protein Ն100 pg/mL vs. Ͻ100 pg/mL); HCV serotype (1 vs. not 1); alcohol consumption (Ն20 g/d vs. Ͻ20 g/d); duration of the disease (Ն20 years vs. Ͻ20 years); body mass index (Ն25 vs. Ͻ25); and comorbidities such as diabetes mellitus, hypertension, fatty liver, and cardiopulmonary disease. Variables statistically significant by univariate Cox proportional regression analysis were further studied by multivariate analysis. Cumulative occurrence curves of survival were determined by the Kaplan-Meier method, and the differences between groups were assessed by the log-rank test. P value less than 0.05 was considered to indicate statistical significance.
Standardized mortality ratios (SMR) were used to compare overall cause and specific cause of mortality of the total cohort and of subgroups with a general population matched for age and sex. Death rates determined from published sources in 1990, 1995, and 2000 31 were used to calculate the expected number of deaths according to person-years of observation in various age (5 year) ranges and by gender. A P value less than .05 was considered significant for the ratio of an observed value of a Poisson variable to its expectation.
Results
Patient Characteristics. The demographic and clinical features of patients at enrollment are summarized according to IFN treatment in Table 1 . Characteristics of sex, age, AST level, ALT level, albumin level, and HCV core protein level were statistically different between IFNtreated and -untreated groups ( Table 1) . The proportions of patients with comorbidities such as diabetes, hypertension, fatty liver, cardiopulmonary diseases, autoimmune disease, psychotic disease, and others were almost identical between the 2 groups ( Table 1 ). The presumed duration of the disease, determined from the time of blood transfusion, the start of drug addiction, or the time of tattoo until the time of liver biopsy, was 23.3 Ϯ 13.6 years and 24.5 Ϯ 11.4 years in IFN-treated and -untreated patients, respectively (P ϭ .5122) ( Table 1) . Regarding the laboratory data and clinical stage of cirrhotic patients in the IFN-treated and -untreated groups, the albumin level was 4.0 Ϯ 0.4 vs. 3.9 Ϯ 0.5 (P ϭ .3431), total bilirubin 1.0 Ϯ 0.4 vs. 0.9 Ϯ 0.3 (P ϭ .3765), ChildPugh score 5.2 Ϯ 0.5 vs. 5.3 Ϯ 0.6 (P ϭ .4987), and presence of esophageal varices 5 of 46 (11%) vs. 6 of 22 (27%) (P ϭ .1556) in IFN-treated and -untreated patients, respectively. None of the cirrhotic patients had ascites or hepatic encephalopathy at entry. The follow-up period was 8.2 Ϯ 2.9 years (mean Ϯ SD; range, 7-183 months; median, 101 months) from the date of liver biopsy to the date of final medical examination or to the date of ascertaining their survival status by telephone: 8.3 Ϯ 2.9 years in IFN-treated and 7.8 Ϯ 2.9 years in IFN-untreated patients (P ϭ .1125).
Response to IFN therapy was determined in 355 patients, with a virologic sustained response being achieved in 116 (33%), and the remaining 239 (67%) patients showing a nonsustained response (Table 2) .
Mortality Rate and Underlying Causes of Death. Forty-eight (10%) of 459 patients died during the follow-up period. They consisted of 15 (14%) of 104 untreated and 33 (9%) of 355 IFN-treated and 4 (3%) of 116 virologic sustained responders and 29 (12%) of 239 nonsustained responders ( Table 2 ). The annual mortality rate calculated by the person-years method was 1.8% in untreated patients and 1.1% in IFN-treated patients, the latter consisting of 0.4% of virologic sustained responders and 1.3% of nonsustained responders. Death caused by liver-related disease was seen in 32 (67%) cases of overall death, 19 (58%) of 33 IFN-treated and, in contrast, in 13 (87%) of 15 untreated patients.
HCC developed in 63 patients during follow-up, and it was the most common cause of death in the cohort. Twenty-five patients (52%) died of HCC, 11 (72%) of 15 untreated and 14 (43%) of 33 IFN-treated (Table 2) . Only 1 of the virologic sustained responders died of HCC, and the other 3 died of liver-unrelated diseases ( Table 2) .
The mean age at the time of death of the 48 patients was 64.1 Ϯ 7.6 years. There was no statistical difference among untreated patients, sustained virologic responders, and nonsustained responders (63.6 Ϯ 7.4 vs. 64.3 Ϯ 6.8 vs. 64.3 Ϯ 8.1, respectively). There was also no difference between patients who died of liver-related diseases and of liver-unrelated diseases (64.4 Ϯ 7.3 vs. 63.5 Ϯ 8.6, respectively, P ϭ .7031).
Cumulative survival curves for overall death between virologic sustained responders and nonsustained responders or IFN-untreated patients and statistical significance are shown in Fig. 1 .
IFN Effect on the Risk of Overall Death by Multivariate Analysis. The potential risk factors affecting overall death were analyzed by univariate Cox proportional hazards regression (Table 3) . Statistically significant variables were further studied by multivariate analysis (Table 4) . Age, sex, fibrotic stage, IFN treatment, and IFN efficacy were shown to be associated with risk for overall death. IFN treatment showed a decrease in the risk ratio for overall death to 0.521 (confidence interval [CI]: 0.263-1.034) compared with untreated patients to a marginally significant degree (P ϭ .0622), but, when the IFN treatment group was divided into virologic sustained and nonsustained responders, the former showed a decrease in the risk ratio to 0.219 (CI: 0.068-0.710) ( Table 4 ). The Abbreviations: SVR, sustained virologic responder; NSR, nonsustained responder. Fig. 1 . Cumulative survival curves of virologic sustained responders (A), nonsustained responders (B), and IFN-untreated patients (C). P value was less than .05 by log-rank test between virologic sustained responders (n ϭ 116) and nonresponders (n ϭ 239) or IFN-untreated patients (n ϭ 104).
effect of IFN treatment on the risk of overall death of cirrhotic patients was also assessed by multivariate Cox proportional hazards regression adjusted for sex and age, with the risk being reduced to 0.348 (CI: 0.134-0.905).
IFN Effect on the Risk of Liver-Related and Unrelated Death by Multivariate Analysis. The potential risk factors affecting liver-related death were analyzed by univariate Cox proportional hazards regression (Table 5) . Statistically significant variables were further studied by multivariate analysis (Table 6 ). Fibrotic stage, IFN treatment, IFN efficacy, AST level, and alcohol consumption were shown to be associated with risk for liver-related death. IFN treatment showed a decrease in the risk ratio for liver-related death to 0.208 (CI: 0.088-0.495) compared with untreated patients. Both virologic sustained and nonsustained responders after IFN therapy showed a decrease in risk ratio, the former to 0.030 (CI: 0.003-0.267) and the latter to 0.257 (CI: 0.108-0.609) ( Table  6 ). The effect of IFN treatment on the risk of liver-related death of cirrhotic patients was also assessed by this method adjusted for sex and age, and there was a reduction in the risk to 0.181 (CI: 0.050-0.663).
The potential risk factors affecting liver-unrelated death were analyzed by univariate Cox proportional hazards regression (Table 7) . Overall comorbidity was associated with risk for liver-unrelated death, although each of the comorbidities such as diabetes, hypertension, fatty liver, or cardiopulmonary diseases was not.
Statistically significant variables were further studied by multivariate analysis (Table 8 ). Sex and fibrotic stage were shown to be associated with risk for liver-unrelated death and overall comorbidity was not. Neither IFN treatment nor IFN efficacy affected liver-unrelated death. Cirrhosis was shown to be an independent risk factor for liver-unrelated death as well as liver-related death. Liverunrelated diseases caused death in 8 of 19 (42%) cirrhotic patients and in 8 of 29 (28%) noncirrhotic patients.
SMR in the Cohort. Survival in the total cohort of patients with C-viral chronic liver disease was reduced when compared with survival expected for a matched general population. SMR for all causes was 1.6, statistically significant (P Ͻ .01) ( Table 9 ). SMR for liver neoplasms and cirrhosis/chronic liver disease was 12.6 and 5.9, respectively, in patients with HCV infection (P Ͻ .01), whereas SMR for extrahepatic neoplasms was reduced to 0.4 (P Ͻ .05), and SMR for cerebrovascular accident was relatively increased without statistical significance. None of the patients in our cohort died from cardiac disease ( Table 9) .
SMR in Relation to IFN Efficacy. SMR of the total cohort was 10.4 (P Ͻ .01) for liver-related death and 0.6 (P Ͻ .05) for liver-unrelated death (Table 10) . SMR for all causes of death and liver-related death was lower in patients treated with IFN than in those untreated, mainly because of relatively low SMR in the sustained virologic responders. SMR in sustained virologic responders was reduced for liver-related death as well as liver-unrelated death. SMR for liver-unrelated death was less than 1.0 in both patients treated and untreated with IFN (Table 10) .
SMR in Relation to Stage of Liver Fibrosis. SMR for all causes of death and liver-related death was increased gradually with progression from F0/1 to F4, whereas SMR for liver-unrelated death was less than 1.0 and remained unchanged from F0/1 to F3 except for stage F4 (Table 11) . SMR for all causes of death was above 1.0 except for patients with stage F0/1, and SMR for liverrelated death was extraordinarily higher in patients with F2 to F4 than in those with F0/1. IFN-treated patients showed lower SMR for all causes of death in each stage of F2 to F4 and for liver-related death in each stage of F0/1 to F4 than untreated patients (Table 11) .
SMR in Relation to Age at Enrollment. SMR was calculated with the patients stratified according to age at enrollment. SMR for all causes of death and liver-related death was higher in the age group of 50 to 59 years than in the other age groups (Table 12 ). IFN treatment decreased SMR for all causes of death from 5.9 to 1.7 in the age group of 50 to 59 years, mainly because of the reduction of SMR for liver-related death from 45.5 to 9.6 (Table  12) .
Discussion
This retrospective cohort study showed that IFN treatment provided a clinical advantage for patients with HCV-related chronic liver disease according to multivariate Cox regression analysis and SMR adjusted for an ageand sex-matched general population. Because this was a retrospective study and some of the baseline characteristics were different between IFN-treated and -untreated groups, our proportional hazards regression model used 15 variables potentially associated with survival including age, sex, fibrotic stage, and comorbidities to minimize the risk of uncontrolled confounding in the analysis. There have been a number of studies on the mortality of patients with chronic hepatitis C, and several assessed the effect of IFN on their survival. [19] [20] [21] [22] [23] [24] [25] Niederau et al. 23 and Yoshida et al., 25 using multivariate proportional regression analysis, reported that IFN treatment reduced the risk for overall death. Ikeda et al. 12 and Tanaka et al. 24 also reported that IFN treatment improved the survival rate, but they did not adjust their analysis for clinical factors. On the other hand, Fattovich et al. 21 and Gramenzi et al., 22 both studies on cirrhotic patients, reported that IFN treatment had no benefit for survival. The present study showed that IFN treatment improved survival, especially in patients who responded to this therapy. As for cirrhotic patients, our results showed that IFN treatment reduced the risk of overall death to 0.348 (CI: 0.134-0.905) using multivariate Cox proportional hazards regression. All these studies reported proportions of liver-related to overall deaths of 57% to 94%, and, hence, a reduction in liver-related death is essential for improvement of survival in patients with chronic hepatitis C with or without cirrhosis. The proportions of deaths caused by HCC and liver failure to overall deaths, however, varied among these studies, from 13% to 33% vs. 31% to 63%, Abbreviations: SVR, sustained virologic responder; NSR, nonsustained responder; BMI, body mass index (kg/m 2 ). Liver neoplasms include HCC in 25 patients and cholangiocellular carcinoma in 1 patient. Extrahepatic neoplasms were seen in pancreas (n ϭ 2), stomach (n ϭ 1), and pyeloureter (n ϭ 1). Other causes of death were the following: rupture of abdominal arterial aneurysm (n ϭ 1), multiorgan failure (n ϭ 1), traumatic brain damage (n ϭ 1), suicide (n ϭ 2), interstitial pneumonitis (n ϭ 1), and fungal pneumonia (n ϭ 1).
Abbreviations: LC, liver cirrhosis; CLD, chronic liver disease; NS, not significant. respectively, in European patients [21] [22] [23] and rather in contrast, from 45% to 54% vs. 11% to 14%, respectively, in Japanese patients 12, 24, 25 including ours. These differences can be ascribed to the diverse incidence rates of HCC in various countries, and Japan has a much higher rate than Europe, for as yet unexplained reasons. SMR of patients with HCV-related chronic liver disease was 1.6, resulting in a slightly reduced life expectancy in the total cohort (P Ͻ .01). As for liver fibrosis, however, prognosis varied considerably among patients with different stages. Niederau et al. 23 and Yoshida et al. 25 reported that SMR of patients without cirrhosis was 0.9 and 0.8, respectively, and that noncirrhotic patients had a normal life expectancy. SMR of patients without cirrhosis (F0 to F3) in the current study was 1.1 (P ϭ NS), and they seemed to have a normal life expectancy. But this result was influenced by the low SMR in patients with F0/1, and those with F2 and F3 had 1.5 and 2.4 times increased mortality for total death and 12.3 and 19.2 times increased mortality for liver-related death, respectively, when compared with rates expected for a matched general population. Thus, noncirrhotic patients with F2 and F3 need careful examinations and comprehensive treatment, including IFN therapy, as do cirrhotic patients, for improving their life expectancy. Indeed, IFN therapy reduced SMR from 5.7 to 3.2 (44% decrease), from 3.6 to 2.3 (36% decrease), and from 1.7 to 1.4 (18% decrease) in patients with F4, F3, and F2, respectively.
In our cohort, SMR for liver-related death was very high, whereas SMR for liver-unrelated death was less than 1.0. As patients with chronic hepatitis C generally have regularly scheduled medical examinations, the chance of early detection and management of liver-unrelated diseases might be elevated, or, on the other hand, patients with severe liver-unrelated disease who could not undergo liver biopsy might have been excluded from the study initially. Comorbidities such as diabetes mellitus, hypertension, fatty liver, cardiopulmonary diseases, and others were found in 26.6% of all patients, 25.4% in IFNtreated patients, and 30.8% in IFN-untreated patients in the current study (P ϭ .3125). Liver-unrelated death was more frequently found in patients with comorbidity (7.4% vs. 2.1%, respectively, P ϭ .0166). However, overall comorbidity was not associated with risk for liver-unrelated death by multivariate analysis (Table 8) . SMR for liver-unrelated death was 1.9 in patients with cirrhosis (F4) when calculated with patients stratified according to fibrotic stage of the liver. Multivariate Cox regression analysis also showed fibrotic stage F4 as an independent risk factor for liver-unrelated death. Liver-unrelated diseases caused death in 8 (42%) of 19 cirrhotic patients, 6 (60%) of 10 treated with IFN, but in only 2 (22%) of 9 untreated patients. Thus, careful examination for liverunrelated diseases as well as liver-related diseases will be necessary for patients with cirrhosis, especially for those treated with IFN.
Age at study entry might be one of the independent risk factors for overall death. Niederau et al. 23 reported that patients under 50 years at entry had an increased SMR of 6.2, whereas those aged over 50 years had normal prognosis. In the present study, however, SMR was highest in the age group of 50 to 59 years, not of over 60 or under 50 years. The proportion of patients with advanced fibrosis (stage F3 or F4) was 13.8% in those under 50 years old but was 36.9% in those aged over 50 years, a difference contributing to the highest SMR in the 50 to 59 year age group. IFN treatment reduced SMR in this age group from 5.9 to 1.7 (71% reduction), and the most beneficial effect of IFN therapy might therefore be expected for patients in the age group of 50 to 59 years. We were unable to determine the current survival status of 50 of the patients in the cohort because of their relocation. The analysis may have suffered from bias if some of them had died, in that they were assigned to the alive-status group at the date of their last confirmation of survival. However, the proportion of IFN-treated patients among the untraced ones was similar to that among the traced ones (40 of 50, 80% vs. 315 of 409, 77%, respectively, P ϭ .3927), and the proportion of cirrhotic patients among the untraced patients was greater in the untreated group (2 of 10, 20% vs. 3 of 40, 7.5%, P ϭ .2581). The mean age at entry among the untraced patients was older in the untreated group (51.8 Ϯ 17.0 vs. 43.6 Ϯ 13.0, respectively, P ϭ .1002). Thus, the untreated group might have a higher risk of unrecorded overall death, especially liver-related deaths, and our current result might have underestimated the effect of IFN treatment on survival.
In conclusion, the current study showed increased SMR for overall death in patients with C-viral chronic liver disease but that IFN treatment decreased SMR mainly by a reduction in liver-related death. The decrease in SMR was most prominent in sustained virologic responders. In this study, a virologic sustained response was achieved in only 33% of 355 patients treated with IFN monotherapy. Recent progress in treatment with peginterferon combined with ribavirin showed elimination of serum HCV RNA in over 50% of treated patients, 32, 33 with much higher rates of sustained virologic response. Based on our current results with standard IFN therapy, further improvement in the sustained virologic response rate from more effective antiviral drugs or combined therapy can be anticipated to provide normal life expectancy to patients with chronic hepatitis C.
